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(54) Measurement of a gas characteristic 

(57) Apparatus 4 is to measure the calorific value 
and/or Wobbe index of a fuel gas supplied in direction A 
along pipe 2. A control 22 can operate outlet valves 32 
and 36 and can cause inlet valve 20 to be locked in a 
closed position or unlock it to allow it to open which it 
normally is until the gas pressure in a chamber 6, of pre- 
determined volume, reaches a predetermined pressure 
difference above the pressure in the pipe 2. Under direc- 
tion of control 22, pump 18 pumps fuel gas from pipe 2 
in the chamber 6 whilst valves 32 and 34 are closed. On 
the pressure in chamber 6 attaining the predetermined 
difference above that in the pipe 2, the valve 20 closes 
automatically and is then held locked closed by the con- 
trol. Now the values of certain properties of the gas into 
the chamber 6 are measured and corrected to standard 
temperature and pressure. Those properties can be the 
speed of sound in the gas, and/or the thermal conduc- 
tivity, and/or specific heat capacity. Then valve 32 is 
opened and the gas from chamber 6 discharges back to 
pipe 2 through an orifice plate 34 and conduits 12, 16. 
This allows the control to measure the value of the prop- 
erty of density of the gas corrected to standard temper- 
ature and pressure. Valve 32 is dosed again and valve 
20 is unlocked so it opens automatically. The pump 18 
pumps another sample of gas into the chamber 6 until 
the gas pressure therein attains the predetermined value 
above the pressure in the pipe 2 and valve 20 again 
closes automatically and is then again locked in the 
closed position. Now valve 36 is opened to allow the gas 
from chamber 6 to discharge to pipe 2 through a capillary 
passage 38 and conduits 14, 16. This discharge allows 
the control 22 to measure the value of the property of the 
viscosity of the gas at standard temperature and pres- 



sure. Stored in the control are sets of prederived values 
of the different properties each set correlated to a par- 
ticular calorific value and/or Wobbe index of the gas. The 
control compares the measured values with those in the 
sets to establish which set has values nearest to the 
measured ones and thereby the control infers the calo- 
rific value and/or Wobbe index of the gas in pipe 2. 
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Description 

This invention relates to a method of measuring a 
gas characteristic and also to apparatus for making the 
measurement. 5 

The gas characteristics) concerned is/are the calo- 
rific value and/or the Wobbe index of a fuel gas. 

An object of the invention is to provide a means of 
measuring the calorific value and/or the Wobbe index of 
a fuel gas by physical examination of a sample of the gas 10 
from a supply of the gas, which means of measuring 
does not destroy the sample which may thereafter be 
used as useful fuel and obviates any need for and the 
expense of providing a venting arrangement for products 
of combustion because making the measurements) is 
does not require combustion of the sample. 

According to a first aspect of the invention there is 
provided a method of measuring the calorific value 
and/or the Wobbe index of a fuel gas characterised by 
taking a fuel gas sample from a supply of said fuel gas 20 
and raising a predetermined volume of said sample gas 
to a predetermined pressure, returning said sample to 
the supply, making measurement of at least one of a 
value of the property of density or of the property of vis- 
cosity of said gas forming the sample using data 25 
obtained during the course of said return and deriving 
the calorific value and/or the Wobbe index by using said 
measured value of the density and/or of the viscosity. 

According to a second aspect of the invention, there 
is provided an apparatus for measuring the calorific value 30 
and/or the Wobbe index of a fuel gas characterised by 
an enclosure having a predetermined volume there- 
within, pump means to deliver a sample of said fuel gas 
from a supply into said enclosure, delivery stopping 
means for stopping delivery of said gas into the enclo- 35 
sure when the gas therein of said predetermined volume 
reaches substantially a predetermined pressure, return 
conduit means for returning the sample gas from said 
enclosure to said supply, measuring means for measur- 
ing at least one of the value of the property of density or 40 
of the property of viscosity of the gas as it flows along 
said conduit means, and said measuring means com- 
prising at least a part thereof disposed in said conduit 
means for use in the measuring of at least one of the 
value of said property of density or of said property of 45 
viscosity. 

The invention will now be further described by way 
of example with reference to the accompanying drawing 
which shows diagrammatical^ an apparatus formed 
according to the second aspect of the invention for use so 
in carrying out the method according to the first aspect. 

A pqpe 2 carries a supply of a fuel gas which may be 
at any desired pressure. Arrow A incficates the direction 
of gas flow. The fuel gas may be natural gas. The gas 
pressure may be a relatively low pressure, for example ss 
the relatively low pressure at which fuel gas is piped into 
industrial or domestic consumers' premises. 

Apparatus to measure the calorific value and/or the 
Wobbe index of the fuel gas is indicated at 4. The appa- 



ratus 4 comprises an enclosure or chamber 6 of a fixed 
known volume connected by an inlet conduit 8 with the 
supply pipe 2. Leading from chamber 6 is an outlet con- 
duit arrangement 10 comprising outlet conduits 12 and 
1 4 merging into a conduit 1 6 opening into the supply pipe 
downstream of conduit 8. 

Conduit 8 comprises a pump 18 and a shutoff valve 
20. The pump 18 may be powered by any suitable 
means. An electronic control 22 comprising computer 
means 24 is connected by signal path 26 to a driver 28 
connected to the pump 18 to operate or stop the latter 
according to instructions from the control. The valve 20 
has a pilot control connected by a bleed path 30 with the 
supply pipe 2. Normally the valve 20 is open, but is so 
arranged that it is closed, by operation of the pilot control , 
for as long as gas pressure within the chamber 6 is sub- 
stantially at a predetermined pressure difference PD 
greater than the gas pressure in the pipe 2. 

Outlet conduit 12 comprises a shutoff valve 32 and 
a gas density measuring aid 34 in the form of a flow rate 
device, for example an orifice plate, and outlet conduit 
14 comprises a shutoff valve 36 and a gas viscosity 
measuring aid 38 in the form of a gas flow resistance 
device, for example a capillary passage or tube. Each 
valve 32 or 34 can be opened and closed by operation 
of a respective driver 40 or 42 in response to signals from 
the control 22. 

The chamber 6 includes a gas pressure sensor 44 
supplying pressure information to the control 22. If it is 
desired to measure the speed of sound in gas within the 
chamber 6, the chamber can have an audible sound or 
ultrasound emitter 46 operated by control 22 and a 
receiver 48 sending sound received signals to the con- 
trol, or the receiver 48 may be omitted and the device 46 
may be an emitter/receiver to detect the sound signals 
reflected back thereto from the chamber wall facing the 
emitter/receiver. If it is desired to measure the thermal 
conductivity of gas in the chamber 6 and/or the specific 
heat capacity of that gas. the chamber can include tem- 
perature sensors 50 and 52 supplying temperature infor- 
mation to the control 22 and a heater 54 operated in 
response to signals from the control. A further gas pres- 
sure sensor 56 may be provided in the pipe 2 to observe 
the pressure of the gas supply therein and send pressure 
information to the control. 

When the apparatus 4 is in use, the control 22 
causes valves 32 and 36 to close and the pump 18 to 
operate thereby extracting a sample of fuel gas from the 
pipe 2 and pumping it into the chamber 6 until the gas 
pressure of the gas sample therein reaches the prede- 
termined pressure difference PD above that of the gas 
in supply pipe 2, whereupon the valve 20 closes auto- 
matically and sends a signal in line 58 to the control 22 
which then issues a signal to driver 60 to lock the valve 
20 closed. Now the control 22 can make measurement 
of the value of the velocity of sound in the gas in the 
chamber 6, and/or of the value of its thermal conductivity 
and/a the value of its specific heat capacity, and making 
calculation corrects those measurements to what the 
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values of velocity of sound, and/or thermal conductivity 
and/or specific heat capacity are at standard tempera- 
ture and pressure and memorises those corrected val- 
ues. Then the control 22 causes the valve 32 to open 
and the sample of gas under the pressure difference 
between that in the chamber 6 and pipe 2 returns to the 
pipe through conduits 12 and 16 and thus through the 
gas density measuring aid 34 (for example an orifice 
plate). The rate of gas flow through the aid 34 is a func- 
tion of gas density and this is calculated by the control 
22 and corrected to standard temperature and pressure 
and memorised in the control. ( The control 22 may 
measure the value of the rate of decay of the gas pres- 
sure in the chamber 6 of fixed volume, and from that 
decay rate value calculate the value of the gas density). 
Now the control 22 causes the valve 32 to close and the 
driver 60 to unlock the valve 20 so that it automatically 
opens thereby allowing a further sample of gas to be 
pumped into the chamber 6 until the valve 20 automati- 
cally closes again on the pressure in the chamber attain- 
ing the predetermined pressure difference PD above the 
pressure in pipe 2. The signal on line 58 again causes 
the control 22 to operate the driver 60 to lock the valve 
20 closed and the control also operates the driver 28 to 
stop the pump 1 8. The control 22 operates the driver 42 
which opens valve 36 and allows the gas sample to pass 
from the chamber 6 back to the pipe 2 through conduits 
14 and 16. In doing so the gas passes through the gas 
viscosity measuring aid 38 (for example a capillary pas- 
sage or tube). The control 22 observes the decay, which 
is a function of the gas viscosity, of the gas pressure in 
the chamber 6 and fits the observed substantially expo- 
nential form of the decay against data stored in the con- 
trol 22 to give a value for the gas viscosity corrected to 
standard temperature and pressure. That value is mem- 
orised in the control. The control 22 operates the drivers 
40 and 60 to open the valve 32 and unlock the valve 20 
so it can open automatically. 

Stored in the control 22 are different sets of prede- 
termined reference data for a given fuel gas, each set of 
data corrprising a gas density value, a gas viscosity 
value, a speed of sound in gas value, and/or a gas ther- 
mal conductivity value and/or a gas specific heat capac- 
ity value all corrected to standard temperature and 
pressure, and each set correlated to a particular calorific 
value and/or Wobbe index. The measured values of the 
gas density, viscosity, and/or speed of sound, and/or 
thermal conductivity and/or specific heat capacity 
obtained by the apparatus 4 are fitted by the control 22 
against the reference sets until a reference set is discov- 
ered having values co-responding the most closely to the 
measured values. The inference is drawn by the control 
22 that the calorific value and/or Wobbe index correlated 
to that reference set are/is the calorific value and/or 
Wobbe index of the fuel gas in the pipe 2. and the control 
22 sends a signal on path 62 conveying the inferred cal- 
orific value and/or Wobbe index which may be sent to 
some remote location and/or may be visually repre- 
sented by means of appropriate apparatus 64, for exam- 



pie printer means and/or visual display unit means. The 
signal on path 62 may be sent to a gas volumetric meter- 
ing means measuring the amount of gas or potential heat 
energy supplied and/or computing the monetary value of 

5 the gas supplied. 

If desired the bleed path 30 may be omitted and the 
shutoff valve 20 substituted by another shutoff valve 
operated wholly in response to signals from the control 
22 which, upon receiving signals from the pressure sen- 

w sors 44 and 56. can observe when the gas pressure in 
the chamber 6 is the predetermined pressure difference 
PD above the gas pressure in the supply pipe 2. where- 
upon the said substitute shutoff valve is closed in 
response to a signal from the control 22 and held closed 

is until it is opened in response to a signal from the control 
when it is next desired to charge the chamber 6 with 
another sample of the gas. 
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Claims 



1 . A method of measuring the calorific value and/or the 
Wobbe index of a fuel gas characterised by taking a 
fuel gas sample from a supply of said fuel gas and 
raising a predetermined volume of said sample gas 

25 to a predetermined pressure, returning said sample 
to the supply, making measurement of at least one 
of a value of the property of density or of the property 
of viscosity of said gas forming the sample using 
data obtained during the course of said return and 

so deriving the calorific value and/or the Wobbe index 
by using said measured value of the density and/or 
of the viscosity. 



A method as claimed in Claim 1, characterised in 
that the gas sample is returned to said supply under 
effect of a pressure difference between said prede- 
termined pressure and said supply. 



3. A method as claimed in Claim 1 or Claim 2, charac- 
40 terised in that said sample is at substantially sad 

predetermined pressure measurement is made at 
least one of the value of the property of speed of 
sound in the gas forming said sample, the value of 
the property of thermal conductivity of the gas form- 

45 ing said sample and the value of the property of spe- 
cific heat capacity of the gas forming said sample, 
and said measured value or values of one or more 
of said speed of sound and/or of said thermal con- 
ductivity and/or of said specific heat is/are used to 

so derive said calorific value and/or Wobbe index. 

4. A method as claimed in any one preceding claim, 
characterised in that a said measured value of at 
least one of said properties is compared with a plu- 

55 rality of prederived values of the property each cor- 
related to a particular respective calorific value 
and/or to a particular respective Wobbe index, 
whereby from said comparison substantially the cai- 
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orific value and/or Wobbe index of the fuel gas can 
be Inferred. 

5. A method as claimed in any one of Claims 1 to 4, 
characterised in that said measured value of each 5 
of two or more of said properties is compared with 

a plurality of prederived values of the property, there 
are groups of prederived values of said properties 
each group comprising at least two prederived val- 
ues each corresponding to a respective different 10 
said property and each group of said prederived val- 
ues is correlated to a particular respective calorific 
value and/or to a particular respective Wobbe index, 
whereby from said comparison substantially the cal- 
orific value and/or the Wobbe index of the fuel gas is 
can be inferred. 

6. A method as claimed in any one preceding claim, 
characterised in that making a measurement of the 
property of density of the gas comprises returning 20 
the gas through an orifice plate. 

7. A method as claimed in any one of Claims 1 to 5, 
characterised in that making a measurement of the 
property of viscosity of the gas comprises returning 25 
the gas through a capillary passage. 

8. A method as claimed in any one preceding claim, 
characterised in that two successive said predeter- 
mined volumes of said gas are raised to said prede- 30 
termined pressure, and a measurement of the value 

of one of the properties of density or viscosity is 
made using data obtained during the course of 
returning one of said volumes of gas to the supply 
and a measurement of the value of the other of said 35 
properties of density or viscosity is made using data 
obtained during the course of returning the other of 
said volumes to said supply. 

9. Apparatus for measuring the calorific value and/or 40 
the Wobbe index of a fuel gas characterised by an 
enclosure (6) having a predetermined volume there- 
wrthin, pump means (18) to deliver a sample of said 
fuel gas from a supply (2) into said enclosure, deliv- 
ery stopping means (20) for stopping delivery of said 45 
gas into the enclosure 6 when the gas therein of said 
predetermined volume reaches substantially a pre- 
determined pressure, return conduit means (12, 14, 

1 6) for returning the sample gas from said enclosure 
(6) to said supply (2), measuring means (22, 34, 38, so 
44) for measuring at least one of a value of the prop- 
erty of density or the property of viscosity of the gas 
as it flows along said conduit means (12. 14, 16), 
and said measuring means comprising at least a 
part thereof (34. 38) disposed in said conduit means 55 
(12, 14, 16) for use in the measuring of at least one 
of the value of said property of density or of said 
property of viscosity. 



10. Apparatus as claimed in Claim 9, characterised in 
that said predetermined pressure is the pressure 
which is greater than the pressure of the gas supply 
(2) by substantially a predetermined pressure differ- 
ence. 

11. Apparatus as claimed in Claim 9 or Claim 10, char- 
acterised in that a first conduit (1 2) for returning the 
gas sample to the supply (2) comprises a first said 
part (34) for use in measuring the value of the prop- 
erty of density of the gas and first valve means (32) 
between the enclosure 6 and the first said part (32), 
and a second conduit (1 4) for returning the gas sam- 
ple to the supply 2 comprises a second said part (38) 
for use in measuring the value of the property of vis- 
cosity of the gas and second valve means (36) 
between said enclosure (6) and the said second said 
part (38). 

12. Apparatus as claimed in any one of Claims 9 to 1 1 , 
characterised in that a said part for use in measuring 
the value of the property of density of the gas is an 
orifice plate (34). 

1 3. Apparatus as claimed in any one of Claims 9 to 1 1 , 
characterised in that a said part for use in measuring 
the value of the property of viscosity of the gas is a 
capillary passage (38). 

14. Apparatus as claimed in any one of Claims 9 to 13, 
characterised in that an inlet conduit (8) for passage 
of the gas sample between the supply (2) and the 
enclosure (6) comprises said pump means (1 8) and 
valve means (20) between the pump means 18 and 
said enclosure (6). 

1 5l Apparatus as claimed in Claim 1 1 , characterised by 
being arranged for a sample of the gas raised to said 
predetermined pressure in the enclosure (6) to dis- 
charge through one of the first conduit (12) or the 
second conduit (1 4) for return to said supply (2) and 
for another sample of the gas raised to said prede- 
termined pressure in said enclosure (6) to discharge 
through the other of said first conduit (12) or said 
second conduit 14 to the supply (2). 

16. Apparatus as claimed in any one of Claims 9 to 15, 
characterised by further comprising control means 
(22). said enclosure (6) being provided with gas 
pressure sensing means (44) and temperature 
sensing means (50, 52), and the gas pressure sens- 
ing means (44) and the temperature sensing means 
(50. 52) being connected to said control means (22) 
arranged to calculate a value of the property of den- 
sity of the gas corrected to standard temperature 
and pressure and/or to calculate a value of the prop- 
erty of viscosity of the gas corrected to standard 
temperature and pressure. 
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17. Apparatus as claimed in Claim 16, characterised in 
that the enclosure 6 is provided with means (46, 46) 
to emit and receive sound connected to said control 
means (22) arranged to calculate a value of the 
property of the speed of sound in the gas in the 5 
enclosure (6) corrected to standard temperature and 
pressure, and/or the enclosure is provided with 
means (50, 52, 54) connected to the control means 
(22) whereby said control means (22) can calculate 
a value of the property of thermal conductivity of the w 
gas in the enclosure (6) corrected to standard tem- 
perature and pressure and/or the value of the spe- 
cific heat of the gas in the enclosure (6) corrected to 
standard temperature and pressure. 

15 

ia Apparatus as claimed in Claim 16, characterised in 
that said control means (22) is arranged to compare 
the measured value of at least one of said properties 
with a plurality of prederived values of the property 
stored in said control means (22), each of said pre- 20 
derived values of the property being correlated to a 
particular respective calorific value arid/or to a par- 
ticular Wobbe index, and the control means being 
arranged to infer from said comparison substantially 
the calorific value and/or Wobbe index of the fuel 25 
gas. 

19. Apparatus as claimed in Claim 18, characterised in 
that said control means (22) is arranged to compare 
the measured value of each of two or more of said 30 
properties with a plurality of prederived values of the 
properties stored in the control means (22), said 
control means (22) having stored therein groups of 
prederived values of said properties each group 
comprising at least two prederived values each cor- 35 
responding to a respective different said property 
and each group of said prederived values being cor- 
related to a particular respective calorific value 
and/or to a particular respective Wobbe index, and 
the control means being arranged to infer from said 40 
comparison substantially the calorific value and/or 
Wobbe index of the fuel gas. 

20. Apparatus as claimed in Claim 1 1 in combination 
with any one of Claims 16 to 19, characterised in 45 
that said control means (22) is arranged to control 
the first valve means (32) and second valve means 
(36) and/or the pump means (18). 
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